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The color dipole analysis of small-(2;, Q^) neutrino DIS induced by the charmed-strange (cs) 
current reveals ordering of dipole sizes rri^^ < < nn~^ typical of the Double Leading Log 
Approximation (DLLA) . The DLLA resummation leads to the cs component of the longitudi- 
nal structure function Fl rising to small x much faster than its light quark component. Based 
on the color dipole BFKL approach we report quantitative predictions for this effect in the 
kinematical range of the CCFR/NuTeV experiment. 

We report our analysis of the charged current (CC) non-conservat ion effects in smah-x 
neutrino DIS. We use the color dipole (CD) basis of high-energy QCD^USl and quantify the 
phenomenon of weak current non-conservation in terms of the light cone wave functions (LCWF) 
'I'^'^ in the Fock expansion of the Ty"'"-boson state with helicity A, 



At small < rn^ the strong un-equality of masses of the charmed and strange quarks manifests 
its effects and the CD analysis reveals the ordering of dipole sizes 



to higher orders of perturbative QCD ensures the dominance of the charmed-strange component, 
F^^, of the longitudinal structure function (LSF) 
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Fl = Fl'' + Fl 



(4) 



in the kinematical domain covered by the CCFR/NuTeV experiment^. 

In the vacuum exchange dominated region of x < 0.01 the contribution of excitation of open 
charm/strangeness to the longitudinal (A = L) and transverse (A = T) structure functions is 
given by 

^a(^,Q') = ^^^ / dzd\\^x{z,r)\^a{x,r), (5) 

where aw = 5^/4vr and the weak charge g is related to the Fermi coupling constant Gp, 
Gp/V^ = g^/myY. \^\{z,r)\'^ is the light cone density of cs dipoles of the size r with the 
c quark carrying fraction z of the light-cone momentum. In particular, I^'lP is the incoher- 
ent sum of the vector {Vl) and the axial- vect or (^4^) terms: = I^Lp + I^Lp- At » ml 
the S-wave component of \cs) dominates'^^, 

\Vl? ~ \Al? oc Q-'z^l - zfKlier). (6) 

At < rn^ the P-wave, that arises due to the current non-conservation, takes over, 



VL?^\A,\^^'^e'Kl{er). (7) 



Here = z{l — z)Q'^ -|- (1 — z)m^ -|- zm^ controls the size of cs dipole, ~ e ^. 

At small < integrating over z for from the region defined by the inequality ([2]) 
yieldsHH 



so that Eqs. (|5|8p give rise to nested logarithmic integrals over dipole sizes. 

In the CD approach the BFKL-log(l/x) evolution^ of a{x,r) is described by the CD BFKL 
equation of RefP. For qualitative estimates it suffices to use the DLL A. In the Born approxi- 
mation (2g-exchange) ^ 

a{r) ^ CFTT^r^as{r-^)L{r''^). (9) 



where 



4 . „ asip, 



2 



L{e) = -\og^^^. (10) 

and asik^) = 47r/^o log(A;VA^) with /3o = 11 - 2iV//3. 

Perturbative gluons do not propagate to large distances and stands for the inverse Debye 
screening radius, hg = ^/Rc- The lattice QCD data suggest Rc ~ 0.3 Because Rn is 

small compared to the typical range of strong interactions, the dipole cross section evaluated 
with the decoupling of soft gluons, fc^ < /ig, would underestimate the interaction strength for 

large color dipoles. In Refl^^^^^I^ this missing strength was modeled by a non-perturbative, 
soft correction anptir) to the dipole cross section a{r) = crpt{r) + anptir). Here we concentrate 
on the perturbative component, Uptir), represented by Eq.®. 
Then, at < ^2 

There is also a contribution to Ff^ from the region < < (m^ -|- Q^)^^ 

~ ^f^^g^fg^ ^^K + Q')L{ml + Q') (12) 




Figure 1: The nucleon structure function F2 at smallest available XBj as measured in vFe CC DIS by the CCFR 
[4] (circles) and CDHSW Collaboration [16] (squares, xsj = 0.015). Triangles are the CHORUS Collaboration 
measurements [17] of F2 in uPb CC DIS. Solid curves show the vacuum exchange contribution to F2. Also shown 
are the charm-strange (dashed curves) and light flavor (dotted curves) components of F2. 



which is short of one power of L, though. The rise of Fff{x, Q^) towards small x is generated by 
interactions of the higher Fock states, cs + gluons. One can estimate the leading contribution 
to Fff associated with the Fock state cs + one gluon, 

5Fr - ^^^AL\ml + Q')^, (13) 



2 + Q2 3r 



where rj = Ca log (xq/x). 

The DLLA resummation at < mf. puts the P-wave component of F^'^ in the form 

~ "^f^^^+^Q^ ^K + Q')r'h{2V-0, (14) 

where ^ = r]L{m^ + Q"^) is the DLLA expansion parameter and l2{z) — exp(z)/-v/27rz is the 
Bessel function. Therefore, Ff^^ rises rapidly to small x. 

Evidently, the perturbative mechanism of enhancement described above does not work in 
the light quark {ud) channel. Besides, Adler's theorem allows only a slow rise of Ff{x,Q) to 
small x^^, Fl'^{x,0) oc {l/x)^=°f', where A^oft ^ 0.08. 

At Q2 ^ jjj2 cr{x,r) ^as{r-^)G{x,r-'^) from (P and §ii it follows that ~ 
(^s{Q'^)G{x, Q^), what corresponds to the dominance of "non-partonic" configurations with z ~ 
l/2lJ^. Here G{x, k"^) = xg{x, k"^) is the gluon structure function. 

We evaluate Fi, Ft and F2 = F^ + Ft, for the vFe and uPb interactions making use of 
the approach to nuclear shadowing developed in^I^l. xhe log(l/x)-evolution is described by the 



CD BFKL equation with boundary condition at xq = 0.03. In Fig. [T] our results (valence- 
quark contributions are neglected) are compared with experimental data. We conclude that the 
excitation of charm contributes significantly to F2 at x < 0.01 and dominates F2 at x < 0.001 
and < . The agreement with data is quite reasonable but it should be taken with some 
caution. The point is that the perturbative light-cone density of ud states, ~ r~^, 

apparently overestimates the role of short distances at small and gives the value of F]^'^(rE, 0) 
smaller than that required by Adler's theorem^l^. This may lead to underestimation of F2 in 
the region of moderately small x > 0.01 dominated by the ud-current. 
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